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Abstract
In the process of direct potable reuse (DPR), the bulk of the removal of dissolved metals removal
is accomplished by reverse osmosis. This treatment is especially important in wastewater containing
contaminants from industrial processes. The goal of this research was to evaluate the performance of DPR
with respect to the removal of salinity and dissolved metals to meet drinking standards. Samples were
collected from the El Paso Water Utilities Advanced Water Purification pilot system throughout various
points in the treatment process. The samples were analyzed for their concentration of ions with Ion
Chromatography (IC) and dissolved metals using an Inductively Coupled Plasma-Optical Emission
Spectrometer (ICP-OES).
Quality control was performed using data from samples analyzed by an EPA certified lab. Trends
were generated in order to establish confidence in the data gathered by UTEP and evaluate the
performance of the process. From the QC process, select metals were identified for removal analysis.
Sulfate and chloride data was also analyzed.
Each analyte was evaluated on the consistency of removal, as well as adherence to EPA drinking
water standards. For metals without a primary drinking water standard, the secondary standard was used
as the quality criterion.
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Chapter 1: Introduction
As the worldwide demand for potable water increases, communities without abundant surface
water resources are searching for alternative water resources. This is especially true in arid and semi-arid
communities, like El Paso. El Paso predominantly relies on surface water from the Rio Grande and
groundwater from the Hueco Bolson (aquifer) and Mesilla Bolson. Since the bulk of the flow in the Rio
Grande is reliant on snowmelt from the Rocky Mountains, El Paso Water Utilities (EPWU) has taken
measures to diversify its portfolio of water resources, so as to not put all of its eggs in the proverbial ‘one’
basket. Even as other alternatives present themselves, such as pumping and transporting groundwater from
Dell City, it is important to look to technologies such as this to not fall into the habit of over exploiting
groundwater.
With the inclusion of the Kay Bailey Hutchison (KBH) Desalination Plant and other conventional
water and waste water treatment facilities, EPWU has significantly added to an ever-expanding portfolio
of water resources. Figure 1.1 shows the historical trend of the annual water supply volume, drawn
annually from each of the major water production sources.

1

Figure 1.1 El Paso Water Production Sources
Recently, the latest planned addition to El Paso’s water resources portfolio is the Advanced Water
Purification Plant. This will be a direct potable reuse facility that will treat effluent water from the
Bustamante Waste Water Treatment Plant, purifying the water to drinking water quality.
1.1

Background – Direct Potable Reuse
In reality, the process of direct potable reuse is a streamlined version of the de facto wastewater

treatment and drinking water treatment, where waste water treatment plant effluent is discharged into a
receiving body, such as a river, before it is used as intake to a water treatment plant. The Advanced Water
Purification Treatment Facility will take its source water from the Roberto Bustamante Waste Water
Treatment Plant. The feed water will be unchlorinated secondary clarifier effluent. Figure 1.2 shows a
basic schematic of the pilot AWTP process with sampling points 1, 13, 14, 15, and 17 labeled.
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Figure 1.2 Advanced Water Treatment Process
During the piloting phase, denitrifying filters were tested, but will not be included in the final
facility design. After the denitrifying filters were decommissioned, the clarifier effluent water passed
through microfiltration (MF) or ultrafiltration (UF) membranes to ensure removal of smaller particles,
viruses, bacteria, and colloids. After MF/UF, the water was filtered by reverse osmosis membranes, which
removes most dissolved matter, organic and inorganic, including monovalent and divalent ions. In order
to aid in the removal of trace organic compounds, RO permeate was treated with an ultraviolet advanced
oxidation process (UV AOP) with hydrogen peroxide (H2O2). This effluent was filtered through granular
activated carbon (GAC) columns used to quench the peroxide used in the UV AOP. Before going to the
clearwell, chlorine will be added in order to provide residual chemical disinfection throughout the
distribution system.
1.2

Challenges
One of the aspects of direct potable reuse that is often raised as an issue by the stakeholders is the

“yuck factor” of the source water for the process. It is a natural reaction to flinch at the thought of drinking
water that was previously considered to be wastewater, especially due to the presence of fecal matter.
However, the consumer might not be aware of the inorganic constituents in wastewater coming into a
plant that treats residential and industrial wastewaters; such as metals which can pose health risks. These
can come from any industrial activity that uses water in its processes: manufacturing, metals refining,
oil/petroleum refining, smelters, slurries from mining operations, and textiles. Many of these are already
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equipped with treatment processes to treat their wastewaters before discharging into the collection system,
to meet permitting requirements.
In order for the Texas Commission on Environmental Quality (TCEQ) to approve the construction
of the facility, pilot testing was required according to the Texas Administrative Code TAC §290.42(g).
This pilot testing was conducted in order to ensure that the process was producing water that consistently
met primary drinking water standards. Given the potential for controversy, it was important to identify the
stakeholders and perform the necessary outreach. This was accomplished by EPWU performing
community outreach, giving tours of the pilot plant facility, and involving UTEP students in the water
quality analysis phase of the project. Such an effort of outreach to stakeholders was performed to promote
community support for the project.
1.3

Goals and Objectives
The goal of these objectives is to prove to the end-user that the drinking water supply will be

expanded with a product water that is of the same reliable quality that they’ve come to expect. The first
objective of this research was to perform a comparison of UTEP and Eurofins analyses with respect to
ions and metals. The second objective of this investigation was to measure the dissolved metals coming
into the pilot plant, and confirm that the reverse osmosis membranes were removing these metals to safe
levels. The primary metals of concern are those given a maximum contaminant level (MCL) by the EPA
Primary Drinking Water Standards. The third objective is to identify and asses the removal of other
species, such as cations and metals of lesser concern.
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Chapter 2: Methodology
The pilot facility from which samples were collected was constructed by Arcadis on the grounds
of EPWU’s Roberto Bustamante Waste Water Treatment Plant in El Paso, Texas. Day to day operation of
the pilot plant was managed by Arcadis personnel.
2.1

Sampling Schedule
Sampling was performed by the UTEP team as per the Arcadis sampling schedule, from mid-June

(2015) to late January (2016). The schedule called for collecting samples to be analyzed for dissolved
metals once per week. All sampling was performed according to Standard Methods procedures (Rice,
2012). Samples (250 mL) were collected from the following sampling points respectively: secondary
clarifier effluent, microfiltration/ultrafiltration influent, ultrafiltration effluent, reverse osmosis influent,
and reverse osmosis effluent. All samples were kept in cold storage during transportation and in the UTEP
Water Quality Laboratory until they were analyzed.
2.2

Instrumentation
Analysis of samples for cations and dissolved metals was conducted using a Perkin Elmer ICP

OES Optima 7300 DV. For quality control purposes, cations were also analyzed on a Dionex ICS-1100
ion chromatograph. Table 2.1 shows the operating parameters of the cation and anion columns of the IC.
Tables 2.2 and 2.3 show the operating and method parameters of the ICP.

Table 2.1 Ion Chromatography (IC) Operating Parameters
Parameter
Column temperature
Sample injection volume
Eluent concentration
Eluent flow rate

Cation Dionex
ICS-1100

Anion Dionex
ICS-2100

40 °C
20 µL
30 mM (MSA)
1 mL/min

35 °C
20 µL
30 mM (KOH)
1 mL/min
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Table 2.2 Inductively Couple Plasma (ICP)Operating Parameters
ICP OES
Optima 7300
DV

Parameter
Sample flow rate
Power

1.5 mL/min
1300 watts

Sample analysis time
Replicates per sample

90 sec
5

Table 2.3 UTEP ICP Method Parameters
Analyte

Wavelength

Min. Standard

Max. Standard

MDL

(nm)

(mg/L)

(mg/L)

(mg/L)

Arsenic

188.98

0.0005

1

0.0042

Barium

233.53

0.0005

1

0.005

Cadmium

228.80

0.0005

1

0.01

Calcium

317.93

0.05

Chromium

267.71

0.0005

1

0.01

Copper

327.39

0.0005

1

0.0002

Iron

238.20

0.0005

1

0.05

Lead

220.35

0.0005

1

0.004

Lithium

670.78

0.0005

1

0.005

Magnesium

285.21

0.0125

25

1.25

Manganese

257.61

0.0005

1

0.01

Mercury

253.65

0.0005

1

0.0014

Nickel

231.60

0.0005

1

0.0006

Phosphorous

213.62

0.0005

1

0.0021

Potassium

766.49

0.02

Selenium

196.03

0.0005

Sodium

330.24

0.125

Strontium

407.77

0.0005

1

0.005

Tin

189.92

0.0005

1

0.008

Tungsten

207.91

0.0005

1

0.05

Uranium

385.96

0.0005

1

0.05

Vanadium

290.88

0.0005

1

0.005

Zinc

206.20

0.0005

1

0.05

100

40
1
300

6

0.5

0.2
0.0149
2.5

2.3

Sample Preparation
Samples were prepared for dissolved metals analysis by filtering through a 0.45 µm pore size

acetate filter (PALL 66278) and checking the sample conductivity to insure that it was less than
15.6 mS/cm, and diluting the sample if necessary. Samples were acidified by adding 2% (200 µL) of nitric
acid (15.8 molar) to the sample volume (10 mL). Acidifying the sample insured that metals dissolved in
the sample would remain in solution.
2.4

Method Detection Limits
Method detection limits (MDLs) were calculated by analyzing seven replicates of each standard

solution and analyzing results for each analyte. The reported concentrations were analyzed against the
prepared concentrations to meet the following criteria: be in the range of one to five times the estimated
MDL, have a recovery between 50 and 150%, and have relative standard deviation (RSD) values ≤20%
(Rice, 2012). For 36 elements (metals, metalloids, and non-metals), Table 2.4 compares MDLs developed
by UTEP and Eurofins with the EPA maximum contaminant limits (MCLs). Eurofins analyses were
performed using an inductively coupled plasma mass spectrometer (ICP MS), which accounts for their
lower MDLs for certain metals. Not all of the metals that were analyzed for by UTEP and/or Eurofins
have a designated EPA MCL. Eurofins analyzed 30 elements, and among these, 11 of them were not
analyzed by UTEP (aluminum, antimony, beryllium, boron, cobalt, gadolinium, molybdenum, silica,
silver, thallium, and titanium). UTEP analyzed 23 elements, and of these, four elements (lithium, nickel,
phosphorous, and tungsten) were not analyzed by Eurofins. For all metals, the MDL by UTEP or Eurofins
was lower than the EPA MCL.
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Table 2.4 Eurofins and UTEP Method Detection Limits (MDLs) and EPA MCLs
Analyte

Eurofins MDL (mg/L)

UTEP MDL (mg/L)

EPA MCL (mg/L)

Aluminum
Antimony
Arsenic
Barium
Beryllium

0.0200
0.0010
0.0010
0.0020
0.0010

─
─
0.0042
0.0050
─

0.050
0.006
0.010
2.000
0.004

Boron
Cadmium
Calcium
Chromium
Cobalt
Copper

0.0500
0.0005
1.0000
0.0010
0.0010
0.0020

─
0.0100
0.5000
0.0100
─
0.0002

─
0.005
─
0.100
─
1.300

Gadolinium
Iron
Lead
Lithium
Magnesium
Manganese

0.0010
0.0200
0.0005
─
0.1000
0.0020

─
0.0500
0.0040
0.0050
1.2500
0.0100

─
0.300
0.015
─
─
0.050

Mercury
Molybdenum
Nickel
Phosphorous
Potassium
Selenium

0.0002
0.0020
─
─
1.0000
0.0050

0.0014
─
0.0006
0.0021
0.2000
0.0149

0.002
─
─
─
─
0.050

Silica
Silver
Sodium
Strontium
Thallium
Tin

0.5000
0.0005
1.0000
0.0100
0.0010
0.2000

─
─
2.5000
0.0050
─
0.0080

─
0.100
─
─
0.002
─

Titanium
Tungsten
Uranium
Vanadium
Zinc

0.0200
─
0.0010
0.0030
0.0200

─
0.0500
0.0500
0.0050
0.0500

─
─
─
─
5.000
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Chapter 3: Results
3.1

Detected Metals
Multiple process streams within the direct potable reuse (DPR) pilot system were sampled weekly

for analysis by UTEP with ion chromatography (IC) and inductively coupled plasma optical emission
spectroscopy (ICP-OES) and monthly for analysis by Eurofins with inductively coupled plasma mass
spectrometry (ICP-MS). The pilot plant product water met primary and secondary maximum contaminant
levels in 100% of the samples analyzed for the 34 elements by UTEP and Eurofins (listed in Table 2.4).
The following 18 metals were not detected in any samples by UTEP or Eurofins: antimony, beryllium,
cadmium, chromium, cobalt, copper, gadolinium, lead, lithium, manganese, mercury, silver, thallium, tin,
titanium, tungsten, uranium, and vanadium. The following six metals were detected in the wastewater
effluent, but were not detected in any RO permeate samples: aluminum, boron, iron, molybdenum, nickel,
phosphorous, as well as selenium (non-metal) and silica (metalloid). Eight metals were detected in more
than 50% of the RO permeate samples by both UTEP and Eurofins: arsenic, barium, calcium, magnesium,
potassium, sodium, strontium, and zinc. Arsenic and barium have primary drinking water MCLs. Ion
chromatography (IC) analyses also included concentrations of dissolved chloride and sulfate, and these
results are presented as they both have established secondary MCLs. During the piloting phase, there was
a hydraulic failure in one of the NF membranes which caused temporary spikes in effluent metals
concentrations.
3.2

Major Cations
The removal of dissolved metals was compared among three NF/RO pilot units in parallel. The

three units included Hydranautics ESPA 2 (sampling point 13), Dow NF90 (sampling point 14), and
Hydranautics ESNA 1 (sampling point 15). Sampling point 17 was a blend of 13, 14, and 15.
Concentrations of the four major cations, Na+, K+, Mg2+, and Ca2+ are shown for the feed (sampling point
1) and effluent (sampling point 17) in Figure 3.1, which compares UTEP ion chromatography (IC) and
ICP-OES results with Eurofins ICP-MS results. For all four cations, the trends were well-correlated among
analyses by UTEP and Eurofins.
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Figure 3.1 Cation Concentrations in the Pilot Feed and Effluent
The monthly average removal ratio was calculated for each individual NF/RO unit, and Figure 3.2
shows timeline trends for the removal of the cations for each specific membrane element. The noticeable
dip in the performance of ESPA 2 (13) membrane was due to hydraulic damage during October. The lack
of data points for calcium represent that the majority of calcium effluent samples were below detection
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limits. With respect to removal of major cations, the NF 90 unit performed the best, followed closely by
the ESPA 2 unit. The ESNA 1 unit was taken offline after October.

Figure 3.2 Cation Removal Trends
Table 1 shows the average removal ratios for each of the units with respect to major cations, and
these data are shown in Figure 3.3. It was not possible to calculate a true average removal ratio for
magnesium because the membrane effluent concentration was always below the detection limit for all
three membrane elements, therefore the result was reported as non-detect. However, using the influent
magnesium concentration for that given day and the method detection limit concertation, a daily
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theoretical removal ratio was calculated. Therefore, the average removal ratio of magnesium for all three
units was greater than 0.917.
Table 3.1 Average Removal Ratios of Major Cations

Ca
Mg
K
Na

Average Removal Ratio ± One Standard Deviation
ESPA 2
NF90
ESNA 1
0.976±0.005
0.984
0.979±0.010
> 0.917
> 0.917
> 0.917
0.936±0.042
0.968±0.005
0.821±0.015
0.921±0.063
0.965±0.001
0.755±0.151

Figure 3.3 Cation Removal Ratio

3.3

Metals Detected in the Effluent
As described above, not all of the analyzed metals were detected. All of the metals with EPA

MCLs were analyzed with MDLs less than the EPA MCL. Therefore, results reported as non-detect were
safely below the maximum contaminant level, and in safe concentration for human consumption.
Figure 3.4 shows timeline trends of concentrations of four metals throughout the treatment process. These
compare the UTEP and Eurofins results from the secondary clarifier effluent and UV oxidation effluent,
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as well as UTEP data from each individual NF/RO product stream. The figure also shows UTEP and
Eurofins MDLs, as well as EPA MCLs for arsenic (10 μg/L) and barium (2 mg/L).
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Figure 3.4 Concentrations of Arsenic, Barium, Strontium, and Zinc in the Influent and Effluent
14

Figures 3.5 and 3.6 show the fraction of samples below EPA MCL, less than the MCL and greater
than the MDL, and below the MDL by UTEP and Eurofins methods, respectively. Although some samples
from the feed show arsenic concentrations above the MCL, more than 90% of all effluent samples were
non-detect and all were below the EPA MCL. Similarly, barium was detected in over 90% of UTEP and
Eurofins samples, but more than 90% of all samples in the effluent streams were below UTEP and Eurofins
MDLs. None of the samples were over the MCL.

15

Feed
Effluent

Figure 3.5 UTEP Sample Detection Frequency for Arsenic, Barium, Strontium, and Zinc
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Feed
Effluent

Figure 3.6 Eurofins Sample Detection Frequency for Arsenic, Barium, Strontium, and Zinc
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3.4

Chloride and Sulfate
Although chloride and sulfate do not have a primary drinking water standard, they each have a

secondary standard (not enforceable) of 250 mg/L. Figure 3.7 shows the feed and effluent chloride and
sulfate concentrations for each membrane element. As expected with secondary clarifier effluent,
dissolved chloride concentrations were above the secondary standard. The membranes sufficiently
removed the chloride consistently, even during the time where one of the membrane elements suffered
damage, the effluent chloride concentration was far below the MCL. Sulfate concentrations were
consistently lowered to less than 20 mg/L by all three NF/RO units.

Figure 3.7 Feed and Effluent Chloride Concentrations

3.5

Sodium Adsorption Ratio (SAR)
Concentrates generated by the MF/UF and the NF/RO membranes would be discharged into the

Riverside Irrigation Canal. Given that these waters are used downstream for crop irrigation purposes;
18

certain parameters must be met to ensure that the water is suitable for agriculture; one of these is the
sodium adsorption ratio. A high SAR will lead to a higher sodicity in the soil and will affect the growth
of sensitive crops. Table 3.2 shows the average sodium adsorption ratio for the concentrate stream of each
NF/RO unit as well as the expected SAR for the full scale facility. Water with an SAR between 10 and 18
is considered to be a medium sodium hazard to sodium sensitive crops, and would typically require some
simple remediation measures (Fipps, 2006). However, given that the Bustamante Waste Water Treatment
Plant will also be discharging approximately 17 MGD of secondary clarifier effluent in the canal, and the
NF/RO concentrate flow of the AWTP will be approximately 2 MGD, it can be assumed that the SAR of
the AWTP concentrate stream will be diluted by a ratio of approximately 1:8.5 to a calculated SAR of
6.83. The Riverside Irrigation Canal also has a flow in the order of magnitude of 50 to 500 MGD, so the
increase in SAR due to the NF/RO concentrate would be negligible.
Table 3.2 NF/RO Concentrate SAR
Membrane

Avg SAR, meq/L

ESPA 2

16.1

NF 90

15.6

ESNA 1

13.3

Secondary Clarifier

5.8

Effluent Avg.
Combined Stream Avg.

3.6

6.8

Average El Paso Water Quality
Although adherence to primary drinking water standards is one of the most solid benchmarks to

use in order to evaluate the performance of the pilot plant, these may not be as meaningful or relatable to
the average consumer. The consumer might wonder how the quality of their drinking water may change
compared to what they’ve been used to. How does the plant effluent water quality compare to the average
water quality of El Paso tap water? Comparing apples to apples, the metals chosen for analysis were
19

compared to their counterparts in the 2015 El Paso Drinking Water Report. The only metals that could be
used for this comparison were arsenic and barium.
The average concentration of arsenic for El Paso drinking water was reported to 5.6 µg/L (ppb),
compare to the MCL of 10 µg/L. The average for the AWTP effluent was consistently less than 4.2 µg/L,
which is the method detection limit. The same is true for barium. El Paso’s average for barium was 0.06
mg/L (ppm), compared to the AWTP average less than 0.005 mg/L, which was the MDL.
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Chapter 4: Conclusions
For the assessment of the removal of metals in the direct potable reuse process, the results were
unanimously positive. The results not only speak to the quality of the DPR process, but to the quality of
the controls upstream of the pilot plant. The majority of metals with primary drinking water standards in
the feed water (secondary clarifier effluent) were often detected in concentrations below their established
MCL, as well as Eurofins and UTEP MDLs. When the full scale treatment facility is built, the waste water
treatment will be able to provide high quality water to treat, significantly contributing to the robustness of
the system.
In retrospect, this research could have been improved by using other sampling techniques, such as
composite samples, as well as split samples between the UTEP and Eurofins labs. Composite samples
would have helped paint a more complete picture of the metal concentrations coming into the plant over
diurnal cycles, as well as opened the possibility to pinpoint the sources of contaminants. Split sampling
between UTEP and Eurofins samples would have also allowed for greater quality control analyses.
When speaking about ethics and sustainability, what has this research proven? The chief inquiry
that was always made of this project was that of its safety. Was the system robust enough to remove
contaminants in a variety of adverse conditions? Yes it was. Furthermore, the facility was open to the
public for site tours and multiple presentations have been made in public meetings for the sake of
transparency with the community.
Is this project sustainable? Or will it just serve as the highlight of a bureaucrat’s career? Is this
project supported by the three pillars of sustainability? As was previously discussed, the economic and
environmental benefits of direct potable reuse were obvious; it is the social aspect that is typically the
most vexing in direct potable reuse projects.
To consider the aspect of social justice, the average water quality of El Paso drinking water was
compared to that of the plant effluent. As an engineer, one might see this as a moot point, considering that
EPA drinking water standards were met. What does it matter past that threshold? It is important for the
public to know that an engineer left no stone unturned. With respect to arsenic and barium, it was observed
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that the pilot DPR plant was consistently producing water with lower metals concentrations than the
average El Paso drinking water quality.

22
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